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SUMMARY

A wind-tunnel investigation has been conducted to determine the
effects of an airfoll section modification consisting of a greatly
increased leading-edge radius and slight forward camber on the aerody-
nemic characterlstics of a thin swept-wing-body combination at Mach
numbers from 0.06 to 1.9. The basic wing had an aspect ratio of 3,
taper ratio of 0.k, leading-edge sweep of 45C, and an NACA ALAOO6E air-
foll section perpendicular to the guarter-chord line., A large-scale
model was tested at low speeds and at Reynolds numbers from 4.4x10% to
21x10% and a small-scale model was tested at high subsonic and super-
sonic speeds at Reynolds numbers from 2.9x10% to 5.7x10%. Lift, drag,
and pltching moment were measured.

The tests showed that full-spsn modification of the wing resulted
In very marked improvement in stability, drag, and high-1ift charsacter-
istics for the configuration at low speeds, due to the maintenance of
attached flow over the wing to high 1ift coefficients. At high speeds,
although the modification resulted in less drag at the higher 1ift coef-
fleients, there was a drag penalty at low 1lift coefficients, which was
especially serious at supersonlic Mach numbers.

Computation by linesrized supersonic theory of the wave drag at zero
1ift at Mach numbers of 1.00 and 1.28 for both the basic and modified
wing-body combinations, the effect of camber being neglected, indicated
that a significant part of the drag increment was traceable to the change
of area distributlon associated with the modified wing.

In addition to full-span modification of the wing, a partial-span
modlification was tested at low speed. Split fleps were tested at low
gpeed on the model with full-span wing modifications.
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The detalled derivation of the modified airfoil section is presented

together with low-apeed two-dimensional test results for the modified
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alrfoil section. Comparisons are also made between measured low-speed
drag and stability "breaks" and those predicted by simple-sweep theory
applied to the two-dimensionsl charachteristics.

INTRODUCTION

The adverse effects of wing-tip stall on the low-speed stability
and drag charascteristics of swept-wing airplenes are widely recognized.
To deley wing-tip stall to higher 1ift coefficients, the use of large
increases 1n leading-~edge radius together with slight amounts of forward
camber has been shown to be effective on wings of moderate thickness
(refs. 1 to 3). However, there appear to be little data on the high-~
speed effects of such modifications on wing-body combinations, and not

any data at all on their effects on thin wings.

The purpose of the investigation reported herein wms to evaluate
the effects of such a modification on a thin swept wing of low aspect
ratio in combination with a body at both subsonic and supersonic speeds.
The modified alrfoil section wes designed to attain a given low-speed
Clmaxs Comparable to that which might be expected from leading-~edge
flaps. The experimental three~dimensional resulis, obtained at several
Reynolds numbers, sre presented and discussed from both the low-speed
and high-speed standpoints. The measured low~speed characteristlca are
compared wilth predictlions based on simple-sweep theory applied to the
two~dimensiocnal wing section characteristics. The measured transonic
drag rise at zero 1lift is compared with values of wave drag computed by
linearized theory.

NCTATION
A aspect ratio, %;
Cp drag coefficient, ngg
: q |
CDo drag coefficient at zero 1ift _
theoretical wave drag
Co,' zero 1ift wave-drag coefficient, at zero 1ift

as

<?D0‘jh zero 11Pt wave-drag coefflclent due to wing modification, taken
as difference in Cp,' between modified and unmodified
configurations '
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ACDO
(son,),

0ol

zero lift drag-rise coefficient, (Cp, at M>1) - (Cp, at M = 0.9)

zero 1lift drag-rise coefficient due to wing modification, taken
as difference in ACp, between modified and unmodifiled
models

11t coefficient, 12%

pitching-moment coefficient sbout the quarter-chord point of
a pilitching moment
? gSc

the mean aerodynamic chor

maximim ratio of 1ift to drag

free-stream Mach number

Reynolds mumber, based on ¢ of basic wing
wing area, sq ft

free-stream veloclity, ft/sec

wing span, ft

locsl wing chord of basic wlng, measured parallel to the model
center line, ft

local chord of NACA 6LACO6 gection of basie wing, ft

mean aserodynamic chord, measured parallel to the model

center line, —4m8 ——
e q
s ¥

section 1ift coefficient, SSction 11f%

gqc

~section design 1ift coefficlent

free-gtream dynamic pressure,-% pV2, 1b/sq ft
lateral coordinate perpendicular to the plane of symmetry, ft
angle of attack, referred to body axis, deg

efficiency factor, ratio of effective agpect ratio to true
agpect ratio :

flap deflection measured perpendicular to hinge'line, deg
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p alr density, slugs/cu ft
Subscripts

max maximum

u uncorrected

MODELS AND APPARATUS

Model for Low-Speed Large-Scale Tests

The medel consisted of a wing and body, with a vertical tail
installed for some of the testa. Filgure 1 presents a two-view drawing
with pertinent dimensions, and also 1llustrates the alrfoll section mod-
ification used. Geometric date for the model are tabulated in table I.
The model was tested in the Ames 40~ by 80-foot wind tunnel and was sup-~
ported on a conventional three-strut support- system.

The fuselage and vertical tall are described in_reference k. The
basic wing had an aspect ratio of 3, taper ratic of 0.k, leading-edge
sweep of 45°, and an NACA 64ACO6 airfoil section perpendicular to 1ts
own quarter-chord line, which was swept 39.45°. The modified airfoil
section was applled perpendicular to the same sweep line. The deriva-
tlon of the modified section is gilven In Appendix A. Coordinates of the
NACA 64A006 ailrfoll section and of the modified alrfoil section asre glven
in table IT.

In addition to testing the model with the modified airfoll section
incorporated over the full extent of the span, tests were made with the
modification extending over the outboard 60 percent of the span only.
For this case, the juncture between baslc and modified portions of the
wing was in a streamwise direction, and the model was tested both with
a sharp and a faired discontinuity at the Juncture. The fairing con-
glsted of a.piece of soft aluminum sheet wrapped around the leading edge.
It extended about 5-percent semispan along the leading edge, and ho-
percent chord on the lower surface.>

Split flaeps were tested, at a hOondefleqtiqp_gn;y, on the modified
model., The deflection waep measured normal to the hinge line. The
gtreamwlse chord of the flaps was 25 percent of the local streamwise
chord of the baslc wing. The ends of each flap were cut perpendicular
to the hinge line and the outboard end of the tralling edge, when the
flap was undeflected, was located at 55 percent of the wing semlspan.

iThe term "modified model" will be understood hereinafter to refer to
the model with full-span modiflcation, whereas the model with partial-span
modification will be termed the "partially modified model."
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Model for High-Speed Tests

The model was tested in the Ames 6- by 6-foot supersonic wind tunnel.
This tunnel has a closed section and is of the variable-pressure type.
Its Mach number ranges are 0.6 to 0.9 and 1.2 %o 1.9 (see ref. 5). In
this tunnel models are sting-mounted with an internsl electrical strain-
gage balance,

The model conslsted of a wing and body. Figure 2 presents a plan-
view drgwing of the model and pertinent dimensions. Gecmetric data are

glven in table I. The wing geometry was gimilar to that for the large-
scale model. Alrfoll section ordinates for both basic and modified sec-
tions are tabulated in table IT.

The body used was geocmetrically similaer to the body used in the
low-speed tests. It was truncated, however, to accommodate the intermal
balance.

TESTS AND CORRECTIONS
Low-Speed Large-Scale Tests

Force and moment data were obtained at angles of attack from ~-2° to
+24°, The dynamic pressure for most of the tests was 25 pounds per square
foot, The corresponding Reynolds number was 9.7X108, and the correspond-
ing Mach number was 0.l13. Some of the tests were made at Reynolds numbers
from 4.4x108 to 21x10%, the corresponding dynamic pressures varying from
5.7 tc 129 pounds per square foolt, and the corresponding Mach numbers
varying from 0.06 to 0.31l. All dsta were corrected for air-stream inclina-
tion, wind-tunnel-wall effects, end support-sirut interference.

High-Speed Tests

Force and moment data were obtalned at angles of attatk varying from
-4® to a maximum of +1"{o at Mach numbers from 0.60 to 0.90 and from 1.20
to 1.90. Dats were obtalned at a Reynolds number of 2.9x10° at all Mach
numbers and st additional Reynolds numbers of 3.8 and 5.7x10° at high sub-
gonic speeds.

These data have been corrected for the following factors: (1) con-
striction of the air stream by the walls of the wind tunnel st subsonic
speeds, (2) wind-tunnel-wall induced effects at subsonic speeds,

(3) inclination of the air stream, (4) effect on the drag measurements
due to the longltudinal variation of statlic pressure in the test section,
and (5) the effect of support interference on the dreg measurements. For
the latter correctlon the base pressure was megsured and the drag data
adjusted to correspond to a base pressure equael to the static pressure of
the free stream.
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Reductlion of Data

All angles of attack are referred to the chord plane of the basic
wing. Unless otherwise noted, all force and moment coefficients are
based on the area and mean aerodynamic chord of the basic wing. All
pitching moments are computed about the quarter-chord point of the mean
aerodynamlc chord of the basic wing.

RESULTS AND DISCUSSION

Low-Speed Characteristics at R = 9.7x10%

The force data indicate that incorporation of the airfoil section
modification along the entire wing span of the model resulted in the
maintenance of attached flow over the wing at 1ift coefficients up to
0.92, with very little flow separation up to a C; of 1.05. By contrast,
flow separation on the baslic wing, as indicated by the force data, occurred
at a Cp of 0.39, spreading rapidly at lift coefficilents above 0.6.

The force data upon which these conclusions are based are presented
in figure 3. The fundemental improvement due to the modification 1s best
indiceted by the drag polars of figure 3(b), in which the range of para-
bolic drag variation is shown. Flow-geparatlion effects on the longltudi-
nal stability and high-1ift characteristics of the two models can be seen
in figure 3(a), in which longitudiral instabllity is indicated at
Cr, = 0.61 for the basic model and at Cp = 1.05 for the modified model.

Results for the modified model with aplit flaps are presented in
figure 4. As the drag polar indicates, attached flow wes maintained up
to Cp, = 1.0L4, with very little flow separation up to Clyax (L.17).
Longitudinal instsbllity does not occur until CLmax'

The partlal-span modification of the wing was tested hbecause span-
loading enslysis indicated that the stability benefits of the full-span
modification might be retained in spite of an expected earlier drag break.
(See Appendix B for detalled dlscussion.) The results are presented in
figure 5, wilth the curves for the fully modified model included for com-
parison. As the figure shows, removal of the modification from the L4O-
percent-semispan station inboard, wlth or without a smooth fairing of the
discontinuity, resulted in flow separation at lower 1lift coefficients, es
expected. The drag breaks occurred at or below CL = 0.55, and longltu-
dinal instability occurred at Cp, = 0.95 for the sbrupt-discontinuity
configuraetion, and &t Cj = 0.85 for the faired-discontinuity configura-
tion. It can be seen that the partiael modificetion still gave very sig-
nificant .improvement in stabllity and drag over the cheracteristics of
the basic model.
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Predictions based on two-dimensional date have been made of the low-
speed effects of the full-span and partial-spen modifications of the wing.
These are developed in detail and compared with the measured characteris-
tlcs in Appendix B.

High-Speed Characteristics at R = 2.9x10°

Effect of the modification on the longitudinal stability.- The reduc-
tion in longitudinal stabillity of the baslec model at 1ift coefficients of
about 0.6, which manifests itself as instabllity at low speed, was allev-
iated by increasing Mach number (fig. 6(b)). As a result, no marked
improvement of the pitching-moment characteristics at high speeds was
anticipated to result from the modification. The modification did result,
however, in a negatlve increment of pitching-moment coefficient at zero
1ift. As a consequence, some increase in trim drag must be expected for
an alrplene configuration employing the modified wing.

Effect of the modlfication on CDO.— Perhaps the most important high-

speed effect of the full-span modification is the increment of CDO to

which it gives rise, especially at supersonic speeds. This increment is
evident in figure 6(c), which presents the high-speed drasg polars, and is
brought out more clearly in figure T, which is & cross plot of drag coef-
ficient against Mach number at various 1lift coefficients. The increment in
Cpp, &at supersonic speeds varied from 0.0040 at a Mach number of 1.2 to
0.0075 at 1.9 (fig. 8). The sources of this increment, and the possibility
of reducing or eliminating it through further modificastions will be exam-
ined briefly.

The so-called "area rule" of linearized supersonic theory suggests
that a part of the increment may have been caused by the change of area
distribution assoclated with the increase of leading-edge radius. There-
fore, calculations were made of the wave drag due to area dilstribution
for each model at Mach numbers of 1.00 and 1.28 by the method of refer-
ence 6. (The computation was for the configuration with a closed body,
corrected by subiracting the incremental difference between computed
values for the closed body alone and for the foredrasg of the truncated
body alone.) The computed values are shown in figure 8, together with
the measured itransonic rise in Cp, for both models.

The theoretical effect of the modification as such on the wave drag
due to area distribution may be taken as the difference between the com-
puted values for the two models. This difference is shown in figure 9,
together with the difference in measured transonlc drag rise between the
two models.
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The introduction of camber in the wing doubtless contributed to the
wave drag of the modified model. However, 1t would be improper to coneclude
from figure 9 that the dlfference between theoretical and experimental val-
ues shown there provides a measure of that contribution. Because of the
limitations of the method of reference 6, as discussed therein, the com-
puted value of wave drag due to change of area distribution can only be
taken as an order-of-magnitude indication. The only coneclusion which
should be drawn from Pigure 9 is that the change of area distribution
agsociated with the increase of leading-edge radlus gave rise to a sig-
nificant part of the difference in drag rise between the models.

This conclusion implies that 1t should be possible to reduce asppre-
ciably the drag of the modified model at a particular design Mach number
by adjusting the area distribution. Such adjustmente could be made along
the body or on the wing itself aft of 20-percent chord, without signifil-
cant change in the low-speed characteristics of the model. Removal of the
camber would provide further reductlon in the wave drag with only a slight
adverse change in the low-speed characteristics.

In addition to the wave-drag increments in Cp, due to the modifi-
cation, there was also an increase In Cp_, at subsonlc speeds which
presumably was due to a change in skin-friction drag. The theoretical
two-dimensional pressure distributions for the wing segtlions Indicate
the occurrence of adverse pressure gradlents much nearer the leading
edge on both surfaces of the modified section, which would presumebly
result ln much earlier boundary-layer transition. This earlier occur-
rence of adverse pressure gradlents 1s due to the incressed leading-edge
radius and would not be meterially affected by removal of the camber.

Effect of the modification on the drag at lifting conditions.- Sub-~
sonically the modification resulted in substantielly less drag at the
higher 1ift coefficients, as can be seen from figures 6 and 7. Super-
sonlcally, the increment of drag due to the modification decreased with
Increasing 1lift coefficient, resulting finally in an actual, though
trivial, reduction in drag at the highest 1ift coefficients tested.

With regard to the effects to be expected from changes of area dis-
tribution, it would seem ressonsble to assume that such changes along
the beody or over the rear portion of the wing should not materially affect
the variation of drag with 1lift of either model. Therefore, if both
models were modified to yleld the same theoretical drag due to area dls-
tribution et a particular design Mach number, as suggested in the previous
sectlons, the cross-over point of thelr polars at that Mach number would
be expected to occur at a considerably lower 1lift coefficient than in
the subject case.
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The variaetion of (L/D)max with Mach number 1s presented in fig-
ure 10. At subsonic crulsing speeds up to M = 0.9, the modification
resulted In some improvement, while at supersonic speeds it resulted in
some deterioration.

Effects of Reynolds Number at Subsonic Speeds .

Becsuse of the difference 1n Reynolds numbers between the low-speed
and high-speed tests, further subsonic tests were run at different
Reynolds numbers, both for the low-speed large-scale models and for the
high-speed small-scale models. In the low-speed case, tests were run st
Reynolds mumbers from 4.k to 21.1x10°. (Reynolds number was varied by
setting free-stream velocity, whence some of the effects msy have been
due to Mach nimber changes.) In the high-speed case, tests were run st
Reynolds numbers from 2.9 to 5.7x106,

In general, it can be said that Reynolds number effects, in the
ranges investigated, were minor. Figure 11 shows the low-speed variation
of Cp, With Reynolds number for both the basic and modified large-scale
models. {For this figure only, drag coefficients for the modified model
were besed on true wing ares, rather than on basic wing srea. This
reduced the values by 0.0002.) The figure indicates that Reynolds number
had no apprecisble effect on the difference in CDO between them. As
in the high-subsonic-speed case, this difference was probably due in part
to & more forward position of boundary-layer transition on both surfaces
of the modified wing and, in this case, a further contribution may have
erisen from the presence of lower surfece irregularities on the modified
wing due to the method of econstruction.2

Figures 12 and 13 present the low-speed longitudinal characteristics
of the basic and modified models at Reynolds numbers from k.4t to 20.6x108.
For the modified model, fairing of the curves at high angles of gttack is
based on the data presented in figure 3. For this model, the lower initial
peek of the 1ift curve at R = 1Lh.4x10%®, and the premature drag break at
R = 20.6x108 are probebly due to attainment of criticel velocities. At
M = 0.22, corresponding to R = 1lh.lx106, computation of critical pressure
coefficients by equations of reference T, using simple-sweep concepts, and
based on unpublished pressure-distribution data for the model, indicates
critical pressure coefficients may have been reached near a 1lift coeffi-
cient of 0.95. Similar computatlion at M = 0.31, corresponding to
R = 20.6x10%, indlcates criticel pressure coefflcients were probably

2Tt may be noted that in figure 3(b) the value of Cp, for the basie
model is indicated as belng more than the value for the modified model.
Thig is due to the fact that tubing from pressure orifices in the basic
model was un down Tthe tail strut, part of the tublng being exposed to
the air stream and giving rise to some dreg. This tubing was not present
in the test of the modifiled model.
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reached at outboard statlions at a 1ift coefficient of sbout 0.65, some-
what before the measured drag bresk.

Figures 14 and 15 show that &t high subsonlc speeds, the aerody-
namic charscteristics of the basic and modified models were not signifi-
cantly affected by varying the Reynolds number from 2.9 to 5.7x108.
Attention is directed, however, to figure 14(b), wherein two sets of
data for R = 5.7x10® are shown on the drag polars. The principsl set
of date (unflagged symbols) was obtained after a piece of the original
wing had been cut out of each wing panel and replaced with wax. The
flagged synmbols represent deta obtalined prior to this alteration. As
cen be seen, & discrepancy exists between the two sets of data at 1ift
coefficients above 0.2, (To avold cluttering the figure, no flagged
symbols are shown below Cy, = 0.2, since the two sets of data are in
substantlal agreement in this region.) No explanation for this discrep-
ancy is evident at this time.

In figure 14%(c), the data for R = 5.7x10€ were also obtained with
the altered wing.

CONCLUDING REMARKS

The full-span wing modification reported upon herein showed the
followlng:

l. Very merked improvement in stabllity, drag, end high-l1ift
characteristics at low sgpeeds, due to the maintenance of atiached flow
to hlgh 1ift coefficients.

2. Less drag at the higher 1lift coefficients at Mach numbers up
to 0.9. . -

3. A hlgh-speed drag penalty at low lift coefficients, especlally
serious at supersonlc Mach numbers.

Theoretical conslderations indlcate a significant part of the drag
penalty 1s traceable to the change of ares digtribution associsted with
the modiflcation, and that the drag of the modified model could be appre-
ciably reduced at a paerticulsr deslgn Mach number by adJustments of the
area distribution along the body or over the rear portion of the, wing
without significant change in the low-speed benefits arising from the
Increased leading-edge radius.

Ames Aeronautlical Laboratory
National Advisory Committee for Aeronautics
Moffett Fileld, Celif., Apr. 11, 1955
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APPENDTX A

DESIGN OF THE MODIFIED ATRFOIL. SECTION AND

TWO~DIMENSIONAT. TESTS

It was desired to modify the NACA 6LAO06 section to obtain a low-
speed Clmax of 1.3 at a Reynolds number of 6x106 compargble to what
might be expected from the use of a leading-edge flap. (See refs. 8 and
9.) An analysis of published two-dimensional data on 6-percent-thick
sections showed a definite relation between the leading-edge radius snd
the Clmax® A plot of Clmgx VErsus leading-edge radius for & serles
of 6-percent-thick symmetrical sections (deta from refs. 8, 10, 11, and
12) is shown in figure 16. Since, ss can be seen from the plot, a Clmax
of only 1.2 could safely be expected at R = 6x10° from the use of large
lesding-edge radlus alone, the addition of a slight amount of camber
would be required to attain a Clmax of 1l.3. The sssumptlion was made
that the small increment of Clmax 4esired could be attained if the
design 11ft coefficient of the desired sectlon were made approximaiely
equal to that Increment.

The NACA 0006-92 airfoil section was chosen as the basis for the
thickness distribution since the value of its leading-edge radius (1.19
percent chord) was in the optimum range. The NACA 0006-92 contour was
superposed on the NACA 64AO06 contour so as to fair in smoothly on the
upper surface and to provide the gpproximate degree of camber desired.
The contour of the lower surface was designed to fair in to the NACA
64A006 section at the latter's point of maximum thickness. The mean line
adopted shead of that point consisted of two reglons, one being an arc
parallel to the upper surface from the falring-in point forward, and the
other belng a straight line from the leadlng edge tangent to that arc.
The point of tangency occurred at about 20-percent chord. The resulting
sectlon, therefore, was of constant maximum thickness from approximately
20-percent chord to approximately LO-percent chord. It should be noted
thet the mean line was not intended to approximate any existing standsrd
mean line, The final sectlon ordinates are given in table IT, and the
section is illustrated in figure 1. (As shown in the table, the lower
surface ordinates of the section used in the small-scale wing differed
slightly from those used in the large-scale wing and in the two-dimensionsal
model described below. The extent of the dlfference is thought to be
eerodynamically insignificant.)

A computation of the sectlion ideal 1ift coeffilcient by the methods
of references 13 and 14 (using the NACA 0006-92 airfoil section as ref-
erence base profile) yielded a value of = 0.08, whence a reasonable

. estimate of ©pax at R = 6x108 would be o% the order of 1.3.
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A two-dimensional model of the final sirfoll section was tested in
a 2- by 5-foot open-circuit wind tunnel. The model had a 2-foot chord
and completely spanned the 2-foot heilght of the wind tunnel. It was
equipped with 55 pressure orifices at midspan. Tests were made at =2
dynamic pressure of 25 pounds per square foot which resulted in a
Reynolde number of 2.0x108. Pregsure-distribution data were obtained
at the midspan of the model at angles of attack from -2° to +11°. The
variation of section 1ift coefficient with angle of attack was obfained
by mechanical integration of the pressure distribution. Corrections
were not spplied to the data obtained.

The 1ift curve for the modified airfoil section, as determined from
the pressure-distribution measurements, 1s presented in figure 17. The
meesured value of ey, ., Wwas 1.30. The pressure diagrams show that col-
lapse of the leading—egge suction peak and loss of 1ift after ¢,

. max
occur simulteneously.

The two-dimensional 1ift curve for the NACA 64ACO6 alrfoll section,
obtained from reference 8, 1s presented 1n the same figure. The data
were obtained at a Reynolds number of 5.8x10%, and corrections were not
applied. The measured value of cj,., Wwas 0.89. The discontinuity in
the 1ift curve at c¢3 = 0.55 occurred as a result of the collapse of
the leading-edge suction pesk.

The significence of the 11ft and pressure-distribution character-
istics of the two airfoil sectlone as applied to the subject wing is
discussed in Appendix B.
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APPENDIX B

COMPARISON OF LOW-SPEED EXPERTMENTAT, RESULTS

WITH PREDICTED RESULTS

A comparison with prediction has been made of the drag and pitching-
moment-coefficient breaks obtained for the various configurations of the
low-speed tests. The method presented in reference 1 was used to make
the predictions.

For the basic wing, the drag bresk was predicted to occur st
Cr, = 0.28. This three-dimensional C1, corresponds to the two-dimensional
c; &t which the loss in leading-edge peak suction occurred. The decrease
in stability, or pitching-moment break, waes predicted to occur at
Cr, = Oih5, the three-dimensional Cp, corresponding to the two-dimensional

Clmax-*

As pointed out in references 1 and 15, measured values of Cp for
geparation phenomena on a large number of sweptback wings were higher
than predicted values. The predictions for the basic wing of this report
are also conservative. The measured 1lift coefficient (Cr, = 0.39) for the
drag break is 39 percent above the predicted value. (It should be noted
that the method of prediction gives no indication of whether the drag
break will be serious.) The measured 1lift coefficient (G, = 0.61) for
the unstable piteching-moment breask is 36 percent above the predicted
value.

Reference 15 suggests the use of en empirical correction factor of
1.25 in meking predlictions for swept wings. This factor 1s based on an
analysis of tests of a number of swept wings of aspect ratios 3.L to 8.
However, to indicate the usefulness of the method for predicting the
effect of proposed modifications to a wing whose existing characterlstices
are known, & factor of 1.39, based on the drag results above, was used in
predicting the characteristics of the modified configurations. A com-
parison of predictions and corresponding measurements 1s summerized in
the following table:

18ince reference 1 dealt exclusively with airfoil sections for which
meximum peak suction colncided with maximum section 1ift coefficient, all
predictions thereln were based on section maximum-lift-coefficient data
exclusively.
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Drag break o Stability bresk _
Meas~ Meas-
Conflguration {Uncorrected} Corrected ured Uncorrected] Corrected ured
prediction prediction value prediction | prediction valuel
Basic model 0.28 — 0.39 0.45 ——— 0.61
Fully modified .65 0.91 .92 65 0.91 1.05
model
Partielly modi- .30 A2 A7 65 gL .95
fied model, sbrupf
digcontinuity of
modlfication
Partially modifiled .30 .ha 55 65 91 .85
model, faired dis-
continuity of
modificatlon

For the partially modified configurations, the predicted drag breek
is based on the expectation of leading-edge separation at JO-percent semi-
span. Due to the proximity of the 4O-percent semlspan station to the
center of pressure of the wing, complete section stall there would not be
expected to produce any great change in steblliity over that measured at
lower 1i1ft coeffioients. Therefore, the stability break would be expected
to result from section stall further ocutbosrd. Assumlng that section
smnamewwmsmmmnmﬂdmtﬁhﬂsmnMMMgwmwm,me
stabllity break can be predicted in the same manner as for the fully mod-
ified model, namely, at Cr, = 0.91. Whille this predictlon is consldered
in good agreement with measured values, a change of span loading is,
neverthelesa, evident from the fact that measured stabllity bresks for
the two partlelly modified configurstions differ both from that for the
fully modified configurastion and between themselves.
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TABLE I.- GECMETRIC DATA OF MODELS TESTED IN AMES
Lo~ BY 80-FOOT AND 6- BY 6-FOOT WIND TUNNELS

- kO- by 80-foot | 6- by 6-foot super-
wind tunnel gonic wind tunnel

Basic wing
Ares 312.5 8q ft 350.0 8q in.
Span L 30.62 £t 32.40 in.
Mean serodynamic chord 10.83 ft 11.47 in.
Asgpect ratio 3 3
Taper ratio 0.k 0.4
Leading-edge sweep, deg hs b5
Sweep of reference sweep line 39.15° 39.45°
Airfoil section, normal to NACA 6L4AOO6 NACA 6LA006

reference sweep line

fMod:Lfied Wing
Ares 319.0 sq ft 357T.L sq in.
Span 30.62 ft 32.40 in.
Mean aerodynsmic chord 11.05 ft 11.69 in.
Aspect ratio 2.94 2.94
Teper ratio O.h 0.k

- Leading-edge sweep, deg 45.33 45.33
Airfoill section, normal to subject subject
. reference sweep line modification modification

Tncidence of true chord planes| -0.T4° -0.74°
Dihedral of true chord planes -0.32° -0.32°

Body :
Length 56.16 ft 46.93 in.
Lengbth for closure 56.16 & 59.50 in.
Maximm dismeter L. ho £t k.76 in.
Fineness ratio, closed body 12.5 12.5

Vertical tall
Exposed area 52.53 8q Tt
Aspect ratio 1
Taper ratio )
Leading-edge sweep, deg 63.43

>
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TABLE ITI.- COORDINATES OF THE ATR¥OIL SECTIONS USED
[All coordinates are referred to the chord of the NACA 644006 section,
and are In terms of percent of that chord. Asterisks indicate ordi-
nates that are identical to those of the NACA 644006 section.]

Ordinates of modified sections
NACA Lower surface
Station | 648006 Two-dimensional
ordinate |UPPer surface | ;. 4 large-scale | Blgh speed
models model
-1.50 -1.38 -1.38 -1,38
-1.25 - .60 -2.065 -2,065
-1.00 -.3k -2.315 -2.315
-T5 -.1h5 -2.49 -2.hkg
-.25 -16 '2.75 "2-75
o) 0 .29 -2.855 -2.855
.25 <395 -2.955 -2.955
50 185 L9 -3.0k -3.04
<5 585 ¥* -3.10 -3.10
1.25 .T3G -3.22 -3.22
2.5 1.016 -3.405 -3.405
5.0 1.399 -3.60 -3.615
7.5 1.68k -3.67 -3.70
1o 1.919 -3.68 -3.7h
15 2,283 -3.61 -3.655
20 2.557 -3.45 -3.445
25 2.757 -3.235 -3.2L5
30 2,896 -3.095 -3.105
35 2.977 -3.02 -3.025
Lo 2.999 ~3.000 -3.000
h5 2,945 ¥ 1
50 2.825
55 2.653
60 2.438
65 2.188
TO 1.907
™ 1.602
8o 1.285
85 967
90 649
95 .33L
100 .013 14 \ 4 v
Leadling-edge radius = 1.19
Lei:iiﬁseigg olé Center of leading-edge clircle: x = ~0.31
i Yy =-1.33
Maximum thickness of modlfied section in percent of true
chord: 5.91
Maximum cember of modlfied section in percent of true chord:
0'90 . P
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Dimensions given 5.95
in feet unless
otherwise noted

Modified
leading edge

(exaggerated) P 7

—— Ha———
e _ - -
RN N/ 1

e 1704— ‘} X o
Las N \

N 842
<
)
2631
-%' of 64A006 sections
00138 ¢’
— -
i |
-»l = 0.0150 ¢’ 040c
Section A~-A
(used for two-dimensional model)
17.92 8
[
63.43°
% —=
—<‘.49———@—————— - __
—.

56.16 »

Figure l.- Two-vliew drawling of the large-scale model tested at low speeds
in the Ames 40~ by 80-foot wind tunnel, and sketch of the modified wing
gsection.
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Figure 2.~ Plan~view drewing of the small-scale model tested at high speeds Iin the Ames
6- by 6-foot supersonic wind tunnel.
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Flegure 3.- Low-speed aercdynemic characteriastics of the baslc and modified large-scale model
with vertical tail installed; R = 9.7x106.
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Figure 3.- Concluded.
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Figure 5.- Low-speed aerodynemic characteristics of the fully modified and pertially modified.

large-scale model, with vertical taill lnstalled; R = 9.7x10%.
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Pigure 11.- Low-speed effect of Reynolds number on Cp, for the basic and modified large-
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Figure 12.- Low-speed aerodynsmic characteristics of the bagic lerge-scale model, without
the vertical tail, at various Reynolds numhers.
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Figure 13.- Low-speed aerodynamic charscteristics of the modified large-scale model, without
the vertical tail, at various Reynolds numbers.
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Figure 14.- Bigh-subsonic-speed serocdynamic cheracteristics of the basic small-scele model at
various Reynolds numbers.
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Figure 15.- High-subsonic-speed aerodypamic characteristics of the modified small-gscale model at
various Reynolda numbers.
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of symmetriecal 6-percent-thick airfoil sections.
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